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Phase 3 Project Execution Plan – WBS2

Programmatic
1

ES&H
1.3

Contracting
1.4

Permitting
1.5

Procurement and 
Fabrication

2

Receiver
2.2

Storage
2.3

Heat 
Exchanger

2.4

sCO2 Loop
2.5

Particle Lift
2.6

Construction and 
Assembly

3

Civil
3.3

Structural
3.4 

Electrical 
3.5

Component 
Installation

3.7

Component/System 
Commissioning

4

Charge System
(gradual fill)

4.1.1

Particle Loop 
(all pathways)

4.1.4

Storage

(electric 
heat)
4.3.3

Receiver
(on sun)

4.4

Heat 
Exchanger

4.5

sCO2 Loop
4.6

Component 
Testing

5

Receiver
5.2

Storage 
5.3

Heat 
Exchanger

5.4 

sCO2 Loop
5.5

Particle Lift
5.6

Particle
5.7

System Testing
6

Startup 
Operations

6.1

Continuous 
Operations

6.2

Storage 
Operations

6.3

Shutdown 
Operations

6.4

Most component/system test objectives can 
be achieved simultaneously



Project Execution Plan:3

Procurements and In-House Fabrication Install Components in TowerTower Construction (by Summit)

Storage Shells and 
Lift Installation 
during tower erection



Commissioning:4

Storage and Particle Circulatory System:
1. All controls operational
2. Gradual charging with particles
3. Increase temperature with auxiliary 

heater

Receiver:
1. Gradually bring to 

temperature on-sun with no 
observable damage while 
increasing flux/flowrate

2. Demonstrate operation of 
slidegate response to 
maintain particle curtain 
stability and particle 
temperature within bounds

Heat Exchanger:
1. Hydrotesting
2. Measure leak rate while 

pressurized for >12hrs
3. Gradually bring to operating 

temperature



On-Sun Testing:

• System Milestones:
1. Total energy delivered to sCO2
2. System performance and model validation

• Operational Modes:
1. System start-up and shutdown
2. Emergency operations
3. Design-point operations
4. Load follow/weather transients
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On-Sun Testing: Data Acquisition & Management6

Architecture

National Instruments
Hardware I/O

Data Acquisition

24/7 data acquisition & controls

Archive and Retrieval

Citadel database/Diadem interface

Three-part data management plan



On-Sun Test Plan: Receiver7

Modified tower to accommodate future 
work on alternative designs such as:
• KSU Obstructed Flow
• DLR CentRec Rotating Receiver
• CNRS – Fluidized particle-in-tube 
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• Particle temperature rise
• Advective heat loss model validation
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Hot Storage Bin Charge
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On-Sun Test Plan: Storage8

Alternative Designs (G3P3-KSA):
• Thermal-expansion layer
• Pre-cast panels

Test Metrics
• Particle outlet temperatures
• Heat loss through walls
• Heat loss to air
• Time to Equilibrium

Inspection for 
insulation debris

Attributes
• Erosion/damage 

detection with bore 
scope and 
postmortem human 
entry

• Stress calculations
• Condition of Foundation/Walls

TT



sCO2 Inlet
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On-Sun Test Plan: Particle-sCO2 Heat Exchanger9

Adaptable Platform for future work on Alternative Designs:
Moving Packed Bed Shell-and-Tube Particle to Air, KSU:
• ΔT=416° C and 4 bar
• Particle-to-compressed air heat transfer

Fluidized-bed heat exchanger (Babcock & Wilcox)

Particle 
temperature 
drop

mass flow rate

sCO2 pressure drop

Test Metrics:
• Particle-sCO2 heat 

exchange effectiveness
• Heat transfer coefficient
• Pressure drop
• Control Studies
• Model Validation

sCO2
temperature 
rise

Postmortem 
inspection 
of diffusion 
bonded 
plates



Procurement Process

• 10 Subsystems divided into 86 pieces of  equipment

• Over 355 part assemblies

• Over 5000 procurements expected including instrumentation
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G3P3 Cost Breakdown11

Construction, 
$12,400,000

Receiver, $836,000Storage, Non-
structural, 
$2,006,346

Heat Exchanger, 
$1,900,000

Bucket Lift, 
$580,000

Balance of Plant 
(Ducts, DAQ, Other), 

$1,238,000

R&D/Project 
Management, 
$4,900,000

Technologist 
(Fabrication/Support), 

$2,000,000

R&D Partnerships, 
$1,400,000



Summary

• Project Duration – 3 yr
◦ Tower construction ~18 months
◦ Installation of  Components in Tower – 6 months
◦ Commissioning – 9 months
◦ Testing – 3-6 months

• Project Budget - $25M
◦ Tower – 50%
◦ Components – 25%
◦ Staff  – 25%

• Major Milestones
◦ Determine total energy delivered to sCO2
◦ Characterize system and component performance in a wide variety of  environmental 

conditions and control factors
◦ Validate models 
◦ Log, stream, and archive streaming data 24/7 (external access TBD)
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